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HORACE HART, PRINTER TO THE UNIVERSITY 


A YOUTH, PLAYING AN EIGHT-STRINGED LYRE, WITH THE PLECTRUM IN HIS 
RIGHT HAND AND HIS LEFT HAND ON THE STRINGS. 
From a Greek vase in the Author's collection. 


ON THE INTERPRETATION OF 
GREEK MUSIC. 


IL 


THE ancient notation was arranged for one-and-twenty notes 
within the octave, each of the seven original notes being 
followed by two supplementary notes. And as the compass 
was three octaves and a third, there were seventy notes in all. 

Two letters were assigned to every note, one set of letters 
being prescribed for instruments and another set for voices. 

A 
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This is the lettering for voices, taking the notes in order of 
ascent :— 


Nek 2e49bU9 HY WV“M™-mMoAZ7EV TRY 
OVX OYTTCPNOZTNMAKICHZEATLFBA 
UAX EAL 0’ =’ N’ M’A’K’ 176’ Z’ E’ A’ Γγ' Β' A’ 
τ’ 


And this is the lettering for instruments :— 


Gx v3TEwZsHH ARCA Ew Jar LAPLE 
NMayFuacCuIKe~ ITSA<V>SOCUAINs \ 
ZeAnY? Κ’ -“ WV « Δ' « VW >’ VY 
Zz’ 


Thus, in the lettering for voices, the common letters of the 
alphabet are taken in their natural order from A to. Next 
beyond the common © comes V, a modified A, beginning the 
alphabet again with every letter modified. And next before | 
the common A comes U, a modified ©, finishing the alphabet 
with another set of modifications. But here the alphabet 
omits the letters s, p, π, and passes on from L to 0’, =’, N’, &c., 
for the sixteen highest notes. This departure from the natural 
order must be connected with the fact that in the lettering for 
instruments, as well as here, the letters for these sixteen notes 
are distinguished only by an accent from the letters for the 
notes an octave lower down. And this all looks as though 
the sixteen highest notes were added at some later time. 

In the lettering for instruments the modifications are in- 
troduced in groups of three, ‘the object being to associate each 
pair of supplementary notes with the original note to which 
they properly belonged. No doubt, Alypios! is mistaken in 


“ ® Alypios, eisagoge, describes the letters passim in setting ont the scales, Thus, 
he speaks of A, A, }, 7 a5 ἡμίαλφα, either ἀριστερόν or δεξιόν and κάτω vedov or 
ἄνω νεῦον : of 4 as Fra ἀμελητικὸν καθειλκυσμένον : of / and \ as ὀξεῖα and βαρεῖα: 
of “1, A and < as af καθειλκυσμένον, ἡμίδελτα καθειλκυσμένον and ἡμίδελτα 
πλάγιον : also of ¥, “4, 2 as ἡμίμυ, ἀριστερόν or δεξιόν or ὕπτιον. 
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deriving H and A from N instead of H, and also in deriving "I 
from Π, as this would naturally be 7, a modification of A 
that matches the adjacent < and A. And clearly / and \ 
are modifications of MW and N, not accents, as he says. But 
apparently 4 and Ἃ must be derived from A, and τ and 7 
from V, though the first pair is attached to Z, and the second 
pair to 4, which appears to be derived from H. And these 
anomalies make one suspect that the notes originally ended 
here at Z, an octave under Z’. The lettering, moreover, is 
anomalous in the lowest notes as well, ending there with T, 
ον, X, €, G, just as the lettering for voices ends with 4, 
+, 4, *, >, ©. And that looks as though the notes 
originally stopped at €, two octaves under Z. But this ¢ 
and the F and C above coincide with the 3 and 1 and C in 
the lettering for voices. So these three letters and the six 
below may be survivals from a time when both the letterings 
were alphabetical. But this is all a barren ground for specu- 
lation, as nothing can be proved. 

The letterings have been transcribed as follows in all the 
best-known versions of the music found at Delphi and else- 
where within the last few years :— 


Da+2boOmMW- 77 F1T9O9VOeTCPO 
>x4 Uo UVsd VPVX T Π 


€xT 38 AcHS ALEY 1 2 


MAILOZFBUAGALOMA I Θ’ Ζ’ Γ' Β' τ' 
N K HEAA Χ 41Ξὐν Κ' WH’ E’A‘A’ 


- σῇ. 
Π «1 VON ZEN KVR WON 7 Ζ' 


“YA »Ξἔινἑὦ7ῤψι A 1. ΥΔ΄' H’UIV 
A 2- 
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This system of transcription produces only forty notes in 
place of seventy, so that thirty of the modern notes are used 
for two Greek notes apiece. And this gives rise to three 
objections. ὶ 

In the first place, the transcript is ambiguous. Thus, for 


example, the group may stand for any 


φ' 

one of sixteen different things, Cc U 2 Z, > N / A, ἃς. And 
this ambiguity does actually lead to blundering. Quite re- 
cently, in dealing with a piece of ancient music, an excellent 


critic took an |in the transcript to mean an N in the 


original, and proceeded to argue that the piece was written in 
a certain key; when in reality the original had 11, a note 
belonging to another scale. \ 

Secondly, in making one modern note do duty for two 
ancient notes, the transcript is giving the same pitch to notes 
that were of different pitch. 

In a degenerate form of ancient music there were indeed 
such things as Aomotones, or notes of equal pitch. Thus, in 
setting out a scale of semitones, Gaudentius* puts *,*, 3, 
b, 9, Μὲ in the scale with 4, LI, Μ 45 ὁμότονα, while Aristeides*® 
puts ©, 4, 3, U, 9, Vin the scale with +, b, 1" as συμφωνίαι. 
But the origin of these Zomotones is plain. The old notation 
had provided for a pair of supplementary notes after each of 
the original notes, putting + (v) and -ἰ (τ) between © (¢) and 
3 (Ὁ), b (p) and LI (π) between 5 (9) and 9 (0), and so forth. 
But when the scale was limited to semitones, there was only 
one supplementary note between ¢ and s, only one between 
s and o, &c.; and as these supplementary notes were placed 
about half-way between, it did not really matter whether they 


‘2 See the Classical Review for December last, vol. ix. p. 468, and the author’s 
note thereon in the Atheneum of December 14. 

2 Gaudentius, eisagoge, 22. 

3 Aristeides, de musica, i. 11. The reader may be cautioned against the version 
of this passage in Jahn’s edition of Aristeides, p. 17. It is printed there with 
Bellermann’s emendations; and he ‘emended’ the reading of the MSS. to make it 
suit a theory of his own. 
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were known as νυ ot τ, as p ot 7,&c. Gaudentius, however, has 
selected the letters that come first, v after ¢, p after s, £ after 
o, &c., while Aristeides has selected the letters that come 
second, τ, 2, v, &c. 

That is exactly what has happened to the sharps and flats 
in the modern scale of equal temperament. There is only 
one supplementary note there between F and G, only one 
between G and A, &c.; and as these supplementary notes are 
placed half-way between, they are known indifferently as 
F sharp or G flat, as G sharp or A flat, &c. In some keys, 
however, the modern musician follows Gaudentius in taking 
the first term in each pair, and speaks of all the supplementary 
notes as sharps; whereas in other keys he follows Aristeides, 
takes the second term, and calls them flats. 

But this method of transcribing does not make omotones 
of the notes that actually were such. It attaches + (τ) to 3 (s) 
in place of + (v), LJ (π) to φ (0) in place of b (ρ), and so forth. 
In fact, it follows the system of the tempered scale in giving 
the same pitch to F double sharp and G natural, to G double 

-sharp and A natural, &c. And there is not any precedent 
for that. 

The lettering for instruments does indeed suggest the use 
of sharps and double sharps in place of sharps and flats, as’ 

_ the modified letters are both placed after the original. letter 
in every group. For example, the letters F, u, 4, C, ¥, 9, 
K, x, 9, seem to answer better to G, G sharp, G double 
sharp, A, A sharp, A double sharp, B, B sharp, B double 
sharp, C, than to G, G sharp, A flat, A, A sharp, B flat, B, 
B sharp, C flat, C. And there is no harm in. speaking of the 
supplementary notes as sharps and double sharps. But when 
the transcript gives the same pitch to 4 and C, to 5 and K, 
to ~ and ΠἼ, &c., it is assuming that the same pitch may be 
given to Gdouble sharp and A, to A double sharp and B, to 
B sharp and C, &c.—a thing that is impossible without the 
tempered scale. 

And that provokes the third objection to this system of 
transcription, to wit, that it involves the modern scale of equal 
temperament. 
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There are some passages in Aristoxenos which look as 
though he was acquainted with a tempered scale; but when 
these passages are taken with their context, that notion is 
dispelled. 

He defines a Fourth as the smallest of the intervals that 
make a concord, and a Fifth as the next smallest of those 
intervals; so that his Fourth is clearly a true Fourth, and his 
Fifth a true Fifth. Having made these definitions, he states 
that a Tone is the amount by which a Fifth exceeds a Fourth, 
and elsewhere he defines a Tone as the difference between the 
two smallest of those intervals that make a concord; so that 
his Tone can only be a major Tone*. And thus, when he 
proceeds fo say that a Fourth contains two Tones and a half, 
he must be using ‘a half’ quite roughly, to indicate a quantity 
that was not really more than "442475. 

Several of the ancient writers call attention to the fact that 
what was termed a Semi-Tone was not exactly half a Tone. 
And they explained the fact by saying that the term was not 
to be compared with terms like Semi-Cubit, which meant 
a measurement of half a Cubit, but only with such terms as 
Semi-Vowel, which meant a letter not unlike a Vowel2. No 
doubt this explanation may be incorrect ; but the fact itself 
is incontestable. 

In face of those definitions of a Tone and Fourth, it is 
absurd to argue that Aristoxenos must be speaking of a mean 
Tone and a tempered Fourth, when he says that a Fourth 
contains two Tones and a half, or when he uses language to 


1 Aristoxenos, p. 45, ed. Meibom, ἔστω δὴ τῶν συμφώνων ὀκτὼ μεγέθη. ἐλάχι- 
στον μέν, τὸ διὰ τεσσάρων... δεύτερον δέ, τὸ διὰ πέντε... τόνος B ἔστιν, ᾧ τὸ διὰ 
πέντε τοῦ διὰ τεσσάρων μεῖζον. Cf. p. 21, ἔστι δὴ τόνος ἡ τῶν πρώτων συμφώνων 
κατὰ μέγεθος διαφορά. 

5. Gandentius, eisagoge, 13, τὸ δὲ ἡμιτόνιον καλούμενον otk ἔστιν ἀκριβῶς 
ἡμιτόνιον, Proclos, in Timeum, p. 191 D, E, τὸ λεγόμενον ἡμιτόνιον, οὗ κυρίως 
ἡμιτόνιον. Theon, de musica, 8, τὸ μέντοι ἡμιτόνιον oby ὧς ἥμισυ τόνου λέγεται, 
«.7.A, Censorinus, de die natali, 10, abusive hemitonion appellat. Macrobius, in 
somnium Scipionis, ii. 1, mov ἐξα accipiendum est (semitonium) ut dimidius tonus 
putetur, Boetius, de musica, ii. 27, videntur enim semitonia nuncupata, non quod 
were tonorum sunt medietates, &¢. Theonand Macrobius proceed to a comparison 
with the ἡμίφωνον or semivocale. 
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the same effect in other passages. And outside his writings, 
and those of his disciples, there is nothing to imply that any 
tempered scale was known in ancient times. 

The third objection to this system of transcribing is there- 
fore very serious. Not only are the notes within the octave 
reduced from twenty-one to twelve by making nine of them 

‘of equal pitch with others, but the remaining twelve are 
forced into the tempered scale; the result being that, which- 
ever of the twenty-one ‘is selected as a tonic, the other twenty 
must all be more or less inaccurate in pitch. 

These errors would be avoided by transcribing the ancient 
letters into modern letters in the following way :-— 


D>Ke+43bU9MNUWVe—-T7A7F VIR Y 
€4&FAREEi819%% ὅ ὅι ὅς 6 οὐ κρ ἃ ἐ ἄς 6 eb 
Géxe STEooZSHHA HEA EwWArFLAPLE 


OVYX®YTTCPROZTENMAKIGOHZEALrBA 
FASE REtTGHO ὄ, ὅ; 5 αι GAA GC δι ἐς Κὶ Ae 
MoauFuACuIKw~ANWSA<VFECUANZN 


UAXeAL QO’ =’N’ MA’ K’ I’ 6’ H’ Ζ' E’A’P’ B’ A’ 
4 318: δι ας, ὅ δι, « ἃ ὦ 4 ἀ ἄς 6 6 aS ἡ ἢ 
ΖΕΔΏΤΥΤ K? x2’ WV «' A’ VW >’ IN’ ,χ ν' 
wy 
g 
Z’ 


The notes that are transcribed as a, 4, ὦ d, 6, f, g have 
enough in common with the modern notes A, B, C, D, E, F, G 
to make these letters useful as a guide to memory. A suffix 
τοῦ » distinguishes the first and second supplementary notes, , 
while the punctuation . and .. and ... distinguishes the octaves. 
So this modern lettering gives all the information that is 
given by the ancient lettering, and gives it in a simpler form. 
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When a musical note is produced by the vibration of 
a string, its pitch depends upon the rate at which the string 
vibrates. And the rate of this vibration varies inversely with 
the length of the string, so long as the tension and the 
thickness of the string remain the same. 

Thus, an Octave is produced by strings whose lengths are 
in the ratio of 1 to 2,a Fifth by those which have the ratio 
of 2 to 3, and a Fourth by those which have the ratio of 
3 to 4. Suppose, then, that four strings are taken with 
a length of 6 inches, 8 inches, 9 inches, and 12 inches respec- 
tively. Then the 6-inch and the 12-inch strings will give an 
Octave, since the lengths are in the ratio of 1 to 2 The 
.6-inch and the 9-inch strings will give a Fifth, and so also 
will the 8-inch and 12-inch strings, the ratio being 2 to 3 in 
both these cases. The 6-inch and the 8-inch strings, and 
again the 9-inch and the 12-inch strings, will give a Fourth, 
the ratio being 3 to 4. And the 8-inch and the 9-inch strings 
will give a Tone, with the ratio of 8 to 9, since a Tone is 
represented by the difference between a Fourth and Fifth’. 

These simple ratios of 1 to 2 and 2 to 3 and 4 to 4 were 
used to fix the four chief notes of every octave, two near the 
middle and one at either end. And generally the ratio of 
8 to 9, which is involved in those of 2 to 3 and 3 to 4, was 
used to fix the four remaining notes. 

Between the two notes near the middle and the two at 
either end there were two intervals in which the ratio was 
3 to 4. Now 3 to 3% and 32 to 383 each had the ratio 
of 8 to 9; or if these figures were multiplied by 64 in order 
to eliminate the fractions, 192 to 216 and 216 to 243 each 
had the ratio of 8 to 9, while 192 to 256 was in the ratio of 
3to4. And thus the introduction of two intervals that had 


1 This is all demonstrated in due form by Euclid, sectio canonis, propositions 6, 
8, 12 and 13: also by Plutarch, de musica, 22, 23, and others. 
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the ratio of 8 to 9 into an interval that had the ratio of 
3 to 4 produced an interval that had the ratio of 243 to 256. 
In other words, the introduction of two Tones into a Fourth 
produced the interval that technically was called a Diesis or 
Leimma and vulgarly a Semi-Tone. 

Plato seems to have styled the interval a Leimma, though 
the word itself does not occur in any of his extant writings! ; 
and this name lived on beside the name of Semi-Tone, which 
probably was introduced by Aristoxenos?. The earlier 
Pythagoreans had used the name of Diesis®. 

When the first four notes of any octave were given by strings 

whose lengths were 192 and 216 and 243 and 256, the fifth 
᾿ note and the eighth note were given by strings whose lengths 
were 288 and 384 respectively ; since 192 to 384 was in the 
ratio of 1 to 2, while 192 to 288 and 256 to 384 were in the 
ratio of 2 to 3, and 288 to 384 was in the ratio of 3 to 4. 
And as this interval was treated like that other interval in 
which the ratio was 3 to 4, the sixth and seventh notes were 
given by strings whose lengths were 324 and 364%; since 
288 to 324 and 324 to 364} each had the ratio of 8 to 9, while 
364% to 384 was in the ratio of 243 to 256. These figures 
being multiplied by 2 in order to eliminate the fraction, the 
eight notes of the octave were given by strings whose lengths 
were 384 and 432 and 486 and 512 and 576 and 648 and 729 © 
and 768 respectively. 

If these eight notes were taken in order of descent, the 
pitch decreasing as the length increased from 384 to 768, 
the intervals were Tone, Tone, Leimma; Tone; Tone, Tone, 


1 Plato, Timzeus, p. 36 A, B, ἡμιολίων δὲ διαστάσεων καὶ ἐπιτρίτων καὶ ἔπογδόων 
γενομένων ἐκ τούτων τῶν δεσμῶν ἐν ταῖς πρόσθεν διαστάσεσι, τῷ τοῦ ἐπογδόον 
διαστήματι τὰ ἐπίτριτα πάντα συνεπληροῦτο, λείπων αὑτῶν ἑκάστου μόριον, τῆς τοῦ 
μορίου ταύτης διαστάσεως λειφθείσης ἀριθμοῦ πρὸς apibpdy ἐχούσης τοὺς ὅρους σνς" 
πρὸς σμγ. This use of λείπων and λειφθείσης seems to involve the use of λεῖμμα. 
cf. Macrobius, in somnium Scipionis, ii.1, Plato semitonium λεῖμμα vocitavit. 

2 See above, page 8 and note 2. 

3 Nicomachos, encheiridion, 9, 12, Stobzeos, eclogz, i. 21. 7, and Boetius, de 
musica, iii, 8, quote sayings of Philolaos in which this interval is styled a δίεσις ; 
and Theon, de musica, 12, and Macrobius, in somnium Scipionis, ii. 1, remark 
this usage of the term among his followers. 
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Leimma—there being a ratio of 8 to 9 for every Tone and 
243 to 256 for every Leimma. But in the scales the Hypo- 
Lydian group put 6 ἃ Fourth above ὦ and a Fifth above ὦ, 


and the Hypo- Phrygian group put d a Fourth above ὦ and 
a Fifth above g, while the Hypo-Dorian group put ¢ a Fourth 
above g and a Fifth above f/'. And thus, as a Tone was the 
difference between a Fourth and a Fifth and a Leimma was 
the difference between two Tones and a Fourth, the eight 
notes ὁ, d, ¢, b, a, g, f,é were separated by the intervals of 


Tone, Tone, Leimma; Tone; Tone, Tone, Leimma. So 
these eight notes, or their equivalents in the octaves up 
above, were given by strings whose lengths were in the ratios 
just described. 

A supplementary note was placed in every Tone by reckon- 
ing the ratio for the Tone as 16 to 18 in place of 8 to 9, and 
thereby bringing in the ratios of τό to17 and 17 to 18%. And 
commonly the name of Semi-Tone was given to both the 
intervals that were created in this way, although the first 
of them was rather more than half a Tone and the second 
was rather less. But technically the first was known as an 
Apotome and the second as a Leimma®, 

As there were five Tones in every Octave, these ratios of 

, 16 to 17 and 17 to 18 introduced five supplementary notes. 
And as the Tones were ¢ to d, d to ¢, 6 to a, ato g and g to Καὶ 


these supplementary notes belonged to d,c,a,g and fi But 
the scales all show that d,, ¢, a, g, and f, were the only 
supplementary notes that had to stand a Fourth or Fifth 
away from one or other of the original notes: so these must 
represent the supplementary notes that were inserted in the 
middle of each Tone. 


1 The scales are all given by Alypios, eisagoge. See below, page 18. 

5. Plutarch, de anime procreatione, 18. Aristeides, de musica, iii. 1. Ptolemy, 
harmonica, i. 10. Boetius, de musica, i. 16, iii. 1. Proclos, in Timeum, p- 19g A. 

8 A λεῖμμα and ἀποτομή together made a Tone, and the ἀποτομή was larger than 
the Acipzpa—see Gaudentius, eisagoge, 14; Boetius, de musica, ii. 29; Proclos, in 
Timeum, p. 195 D—so that, if the λεῖμμα took the ratio of 17 to 18, the ἀποτομῇ 
would get the ratio of 16 ἕο 17. And’ this was probably the genuine λεῖμμα, the 
interval of ratio 243 to 256 being properly a δίεσις. Thus in Theon, de musica, 36, 
the interval of ratio 243 to 256 is distinguished as τὸ διεσιαῖον λεῖμμα. 
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Two more supplementary notes might then have been 
inserted in each Tone by doubling the ratios of 16 to 17 and 
17 to 18, and bringing in the ratios of 32 to 33 and. 33 to 34 
within the ratio of 32 to 34 and the ratios of 34 to 35 and 35 
to 36 within the ratio of 34 to 364. But the notation shows 
that only one more supplementary note was placed in every 
Tone ; and as d, came between d, and d, c, between ὡς and c, 
@, between a, and a, g, between g, and g, and f, between f, 
and f, the ratios of 34 to 35 and 35 to 36 were those that 
fixed the five notes d,, δι, 2), 91 and f,. 

The interval that had the ratio of 35 to 36 was smaller 
than the interval that had the ratio of 34 to 35; and the 
whole interval of ratio 34 to 36 was smaller than the interval 
of ratio 32 to 34 that was required to complete the Tone. 
So these little intervals were far from being a quarter of 
a Tone apiece, although they generally were reckoned as 
such*, The usual name for them was Diesis, but originally 
they bore the name of Diaschisma ὃ. 

If similar methods were employed in dealing with the 
intervals in which the ratio was 243 to 256, one supplementary 
note was inserted there by doubling this ratio and bringing 
in the ratios of 486 to 499 and 499 to 512, and then another 
was inserted by doubling the latter ratio and bringing in the 
ratios of 998 to IorI and 1011 to 1024. And asc ὦ and fe 
' were the intervals in which the ratio was 243 to 256, the first 
of these supplementary notes was 4, or ¢, and the second was 
ὦ, or δι. 

The eight original notes being given by strings wh 
lengths were 384 and 432 and 486 and 512 and 576 and (δι, 
and 729 and 768 respectively, the following list will show the 
lengths required for all the supplementary notes, the figures 
being multiplied by 4 in order to get rid of fractions :— 


1 Aristeides, de musica, iii. 1. 

2 Thus, for example, Baccheios, eisagoge, 8, and Vitruvius, de architectura, v. 4, 
make a δίεσις a quarter of a Tone. Aristeides, de musica, iii. 1, and Proclos, in 
Timzum, p. 191 E, remark the error. 

3 Boetius, de musica, iii. 8, quoting Philolaos, diaschisma (est) dimidium diestos. 
Cf. note 3 on page 11 for déesés in Philolaos. 
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1536,e. 1728,d. 1944,c. 2048,6, 
"  1680,d,. 1890,¢,. 2022, 5,. 
1632,d,. 1836,¢,. 1996, ὅ,. 


2304,a. 259%,g- 2916,f. 3072,¢. 
2240, A, 2520,£;. 2835,f,. 3033,¢1- 
2176, 05. 2448, 52. 2754f2- 299462. 


Having some doubts about the working of a scale con- 
structed in this way, the author requested Messrs. Broadwood 
to procure for him a series of ten tuning-forks to represent 
the notes from ¢ to 6. The length of the strings was enough 
to fix the relative pitch of all the notes, but there was nothing 
to fix the absolute pitch of any one of them. For con- 
venience, however, the author reckoned the pitch of ¢ at 344 
double vibrations per second, and thus obtained the following 


pitch for the remaining notes, the rate of vibration waging 
inversely as the length of string :— 


ὁ, 324 εἶ, 288 €, 256 6, 243 
d,,%296f; €,2633% 6, 246328 
Fy, 30449 Cg, εν, ὄ,, 240188 
Or, putting the fractions into decimals, 


@,, 296-23 κι. 263-31 5,, 246-19, 
By3 304°94 4,2 71τ:ο6 by, 24933 


The tuning-forks were made at Sheffield by Messrs. 
Valantine and Carr, and were tested by the makers on 
a Tonometer of their own. After they were delivered to 
Messrs. Broadwood, they were tested again by Mr. Hipkins 
on the late Mr. Ellis’s copy of the Scheibler Tonometer, 


now in the Science Department of the South Kensington 
Museum? And these were the results -— 


€,323°43 4, 287-20 ὁ, 25564 ὦ, 249-24 
By, 395:38 οι, 26445 hy, 245°37 
Fy, 304-45 — Cn,270-35 bg, 248-59 


1 The anthor is greatly indebted to Messrs. Broadwood, and especially to 
Mr. Hipkins, for taking such trouble in the matter. 
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In every instance the rate of the vibrations is rather less 
than was demanded. But the error is never more than -go and 
never less than -36; and being always in the same direction, it 
has scarcely any effect upon the relative position of the notes. 

Excepting the group of 8, ὅ,, ὅς. the notes all come out 
clearly at intervals that can easily be recognized; and the 
sequence is exceedingly melodious. But when & or 4, or 4, 
is sounded by itself, there is some difficulty in saying which of 
them it is; although the difference is obvious enough when 
they are sounded in succession. 

Now, the length of the strings for 4, and 6, was settled on 
the supposition that the intervals of ratio 243 to 256 were 
treated like the intervals of ratio 8 to 9. As the lengths 
8h and 82 were taken between 8 and 9, the lengths 249} and 
252% were taken between 243 and 256; and as these figures 
were raised to 34 and 35 between 32 and 46 in the first case, 
they were raised to 998 and 1011 between 972 and 1024 in 
the second case, in order to eliminate the fractions. Suppose, 
however, that the fraction was eliminated from 252% by the 
simpler process of ignoring the 3 altogether, and treating the 
length as 252. Some very curious results will follow. 

The intervals 56, and 66, will then be determined by the 
ratio of 252 to 256, or 63 to 64. The intervals dd,, ce,, aa, 
££, and ff, are determined by the ratio of 35 to 36. And an 
interval of ratio 35 to 36 becomes an interval of ratio 63 to 64 
on subtraction of the well-known interval of ratio 80 to 81. 

Taking 2016 in place of 2022 and 3024 in place of 3033 as 
the lengths for 4, and ¢,, and then examining the seven 
original notes and the seven with suffix,, there is the ratio of 
1 to 2 in eé, 4,4, ff, &c., the ratio of 2 to 3 ined, 61 ὅ,. fc, 
&c., the ratio of 3 to 4 in ὁ ὦ, gc, δὶ αι. &c., the ratio of 4 to 5 in 
£16, and διό, the ratio of 5 to 6 in δι g, and 2,d,, the ratio of 
6 to 7 in e,g and 2,d, the ratio of 7 to 8 in ad, and de,, the 


ratio of 8 to 9 in fz,f,2,¢ 4, &c., the ratio of 9 to 10 
in a,6, and d,¢@, the ratio of 15 to 16 in ὁ, f, and 4,4, 
the ratio of 27 to 28 in é,f and 8, ¢, the ratio of 27 to 32 in 
C2, AC, aC, &e., the ratio of 35 to 36 in ffi, 5.51: 4%, 
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&c., and the ratio of 243 to 256 in ef and ὅς. Hence, with 4, 
and δ, in those positions, these fourteen notes involve the 
fourteen most important ratios that Ptolemy employs in his 
arrangement of the scales}, But seven of these fourteen 
ratios depend on 4, and ¢,. 

The four original notes 4, c,d, e are separated by intervals 


of ratio 243 to 256, 8 to 9 and 8 to 9, and thus produce the 
ordinary Tetrachord of the Pythagoreans, which Ptolemy 
called the Diatonic Tetrachord of Eratosthenes, and retained 
in his own system as the Double-Tone Diatonic?. The four 
supplementary notes 0,, ¢,, d,, δι are separated by intervals of 


ratio 15 to τό, 8 to 9 and 9g to το, and thus produce the 
Tetrachord that Ptolemy described as the Severe Diatonic τ 
But the four notes 4,,¢,c,,¢, are separated by intervals of ratio . 


27 to 28, 35 to 36 and 4 to 5, and thus produce what Ptolemy 
called the Enharmonic Tetrachord of Archytas. ‘ And such 
coincidences make it fairly certain that 5, and ¢, have now been 
put into their proper places. 

Setting aside the Tetrachords that Ptolemy ascribes to 
Aristoxenos—their structure being questionable—there are 
sixteen other ratios employed in his arrangement of the scales. 
But all these ratios may be derived from those already quoted, 
Thus the ratio of 9 to 10 gives rise to those of 18 to 19 and 19 

‘to 20, and to those of 38 to 39 and 39 to 40. The ratio of 5 
to 6 gives rise to those of 10 to 11 and 11 to 12, and to those 
of 20 to 21 and 21 to 22. The ratio of 15 to 16 gives rise to 
those of 30 to 31 and 31 to 32; and this ratio of 15 to 16 with 
that of 14 to 16, or 7 to 8, produces the ratio of 14 to 15. 
Again, the ratio of 243 to 256 with that of 224 to 256, or 7 to 
8, produces the ratio of 224 to 243. The ratio of 15 to 19 
would come from those of 19 to 20 and 15 to 20, or 3 to 4. 
And the ratios of 45 to 46, 23 to 24 and 24 to 25, or 46 to 
48 and 48 to 50, might be obtained from that of 45 to 50, or 
g to Io. 

As an adjustment of 4, and e, brought in seven of Ptolemy’s 


1 Ptolemy, harmonica, ii. 14. 2 Διάτονον διτονιαῖον. 
8 Διάτονον σύντονον. 
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ratios in addition to the seven that already were involved in 
the original notes and those with suffix ,, the probabilities are 
that some of the remaining ratios could be obtained by a proper 
adjustment of ὅς and e, and the introduction of the other notes 
with suffix , But the author has not been fortunate enough 
to find a likely place for 4, or ép. 

The length of 252 was obtained for 4, and e, by ignoring 
the ὃ in 2522; and this suggests that the 4 in 249} might be 
ignored in dealing with 4, and e¢ Again, the ratio for 54, 
and 66) has been converted into 256 to 252, or 64 to 63; and 
this suggests that the ratio for 5,4, and δ᾽ δ; may possibly be 
252 to 248, or 63 to 62. But neither 249 nor 248, nor any 
other number in that neighbourhood, seems to give a 
satisfactory result. 

If the ratio of 248 to 256, or 31 to 32, is used provisionally 
for determining the intervals ὅ ὅς and e 6,, the lengths of string 
will have to be reduced from 1996 and 2994 to 1984 and 2976 
for ὅς and ¢,. And the lengths for 4, and δ) have already been 
reduced from 2022 and 3033 to 2016 and 3024. 

Then, supposing that an octave of twelve mean Semi-Tones 
is reckoned as 1200, the intervals 6 6) and 5 4, may be reckoned 
as 27 apiece, e, 6, and 4, 5, as 28 apiece, and ¢,f and ὅ, 6 as 35 
apiece; ffi, ££1, @%, ἐῶ and dd, as 49 apiece, fify; £1£ 09 
Gy, €C, and d,d, as 50 apiece, and /, 2, £5 @, 4,6, c,d and d,e 
as 105 apiece’. And then the ancient notes may be arranged 
as follows :-— 


0, 9. 204,d. 408,c. 408, ὅ. 702,a. 906,g. I1I0,f. 1200, 6. 
155, δ᾽. 3595 “Ὁ 471, by. 653, aq. 857,£1- 1061, ἢ. 1173, 4. 

105, dy. 309, Ca» 443, by. 603, a. 807, £5. IOI, fy- 1145, δ. 
According to Alypios, the scales were formed of eighteen 
notes apiece; and there were five-and-forty scales in all, or 
fifteen scales of three types each—diatonic, chromatic, and 


enharmonic. But in the chromatic and enharmonic types the 
notes were just the same; and in the diatonic type the only 


1 The formula 28% x (log. «—log. y) x 40 gives the number of mean Semi-Tones 
in an interval of ratio x to y. 
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variation was in notes 4,7, 10, 14 and 17. Putting the dia- 
tonic notes for 4 and 7 and τὸ in brackets, and omitting, the 
notes from 12 to 18, as these are only a repetition of the 
notes from 2 to 8 an octave higher up, the entire system 
is reducible to this :— 
1234 (4) 567 (7) 89 10 (10) τι 
Hyvpo-Dorian 7 £ £182 (42) δ αι (42) Fite (δὼ % 
Hypo-IASTIAN =f, £24 @ (δ) ὦ ἀ dy (6) Sok & (2) ὁ 
Hypo-PHRYGIAN g ὦ a4, (c) ὦ δ ἦς (f) & 182 (42) ¢ 
Hvypo-/EOLIAN Zp σρὖ by (C2) a, € es ( J) 3:4 (, (2) €~ 
Hypo-Lypian « 6 b,6, (d) 4 4 ἐς (g) @qa, () @ 
DoRIAN “Gy δ χα (de) fF ifs (δὼ 25 ὅς (ω) ὦ, 
TASTIAN b add, () fog & (2) 6 4b (ἢ “6 
PHRVGIAN ς d d,d,(f) £ £182 (09) ¢ % by (ὦ f 
ἄξοιπαν 4 he a (fhe σε (Ὁ) aad () ἢ 
BYDIANS 1 GG El oem) eas) 8 
Fivper;Dorian dy f fife (2) σεῦ ὅς (0) doe 6, (fa) 8: 
PERE ARON «εν θη (@ Ὁ bala cists 2) αὶ 
HVPER-PHRYGIAN f αὶ £182 (6) ¢ ἃ ἃ (4) f fifa (Gs) αι 
HYPER-EOLIAN fy £24 ας (8) ο ὦ ἀ (6) fog 4. (a) ὅ 
ΗΥΡΕΒΊΊΜΡΙΑΝ g ὦ Oy Oe (ὦ a d,d, ( f) 5 £182 (a,) ς 
1234 (4) 567 (7) 89 1ὸ (x0) 11 


i 
Of course, these scales all differ in pitch, like the modern 
scales of different keys. But they do not differ, like the 
modern scales of different modes, in the order of the inter= 


vals alone. The difference here involves the nature of the 
intervals as well. 
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For example, in the Phrygian scale of ¢ the only supple- 
mentary notes with suffix , are d, and g, and ¢,, with d, and g, 
in the octave up above ; and these are all determined by the 
ratios of the Tone. But the Lydian scale of d has δι and 4, 


which are determined by the ratios of the Leimma, as well as 
αι and a, and @,, which come from Tones. And thus the 
Lydian scale admits the well-known intervals of 231, or ratio 
7 to 8, in de, and dé, of 267, or ratio 6 to 7, in e,g and e.g, 
and finally of 182, or ratio 9 to 10, in d,e,, which is thus 


a minor Tone. And in the Phrygian scale these intervals are 
not to be obtained. 

Thus, in passing from the Phrygian to the Lydian scale 
there was a change of mode as well as key; and a change of 
mode had more effect in ancient than in modern music, since 
it varied the selection of the intervals. 

No doubt the Lydian music differed from the Phrygian 
in many things besides this raising of the pitch from ἐς to dd 


and the admission of these intervals of ratio 6 to 7 and 7 to 8 
and 9 to 10; for the Phrygian was accounted fit for warriors 
on the field of battle, while the Lydian was consigned to lazy 
banquetting '. But presumably the change of mode and key 
together helped to make these different types of music arouse 
such different emotions. 

In several of these scales some curious intervals are formed 
by the connexion of the Leimma with the segments of the 
Tone, such as that of 195, or ratio 243 to 272, in @,¢ at the 
beginning of the Dorian scale. As a rule, the scales began 
with major Tones of 204, or ratio 8 to 9. But in a scheme of 
Ptolemy’s for seven scales to suit the seven notes within δας 
octave, the seven intervals of ratio 7 to 8, 8 to 9, 9 to 10, &c., 
are taken in turn for the beginning of the scales®: so this rule 
was not imperative. And there is really no justification for 
altering the place of ἂς to make a,¢ a major Tone, or for 
tampering with the other notes that incidentally produce 
abnormal intervals. 


* Plato, politeia, pp. 398 E, 399 A. 3 Ptolemy, harmonica,'ii. 11. 
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A couple of examples will suffice to show the nature of the 
music that was extracted from the ancient notes. 

In the first of the Hymns from Delphi the passage about 
κλυτὰ μεγαλόπολις ᾿Αθθίς has the notes A 3. ὅν 8 49» δι» Ss b?. 
Here the voice ascends 204, ascends 49, descends 49, descends 
603, descends 50, descends 49, descends go. The transcript 
gives F, G, A flat, G, Ὁ, Ὁ flat, C, B. And there the voice 
ascends 200, ascends 100, descends 100, descends 500, descends 
100, descénds Ico, descends 100. 

Again, in the second of these Hymns the words δεξάμενος 
ἀμβρόταν have the notes d, J, ἦι» εἶ, 6. &,e7. Here the voice 
descends 294, ascends 27, ascends 267, ascends 204, ascends 
27, descends 27. The transcript gives D, B, C, D, E, F, E. 
And there the voice descends 300, ascends 100, ascends 200, 
ascends 200, ascends Ico, descends 100. 

In fact, the charm of ancient melodies was in the subtle 
variation of the intervals through which they rose and fell ; 
and all their charm is sacrificed when they are forced into 
a modern scale. 


ΠῚ, 


The duration of the notes was indicated by the syllables 
to which they were attached. And thus, if syllables in verse 
are classed as long and short, and a short is reckoned as half 
a long, this mode of reckoning must be adopted for the notes 
as well. ‘ 

For example, take the music for the twelfth of the Homeric 
Hymns*. The notes may not be quite so ancient as the 
words; but they can scarcely be condemned as spurious, 
although their pedigree is incomplete. 


1 Bulletin de Correspondance Hellénique, vol. xvii. plate a1 δὲς, and vol. xviii. 
plate 25. 

3 Jbid., vol. xviii. plates 12 δὲς and 20. 

* Published in 1724 by Benedetto Marcello in his Parafrasi sopra li primi 
venticinque Salmi, vol. iii. p. 132. 22 
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@ Gaede ἐν Mik Bees πέντ 
Δήμητρ᾽ ἠύκομον, σεμνὴν θεόν, ἄρχομ᾽ deldew, 
4 £ 4h aaned ddggh 
Αὐτήν, καὶ κούρην, περικαλλέα Teacedierites 
Abba bh ana 22 cee 
Χαῖρε, Ged, καὶ τήνδε σάω πόλιν" ἄρχε δ᾽ ἀοιδῆς. 


In the first and last lines the long syllables at the end are 
sung to two notes each, and must therefore be reckoned as 
pairs of short syllables in dealing with the music. And thus, 
with the ordinary signs for long and short, the music is 


ὦ ὦ ὦ αι, ὅδ 4 ἃ ἢ, ἃ 1€ 4446 a 


2% 
« Qe 
Qu 


dg 


10q 1 


Dee (Bee eee δι 


ic 
( 
I 
1 
(4 
€ 
ἱ 
[ 
{ 


@ea 


2c 


b, b, δι ὦ ὦ. b, b, 444 4 @ 


But this is only a succession of long notes with short notes 
of exactly half their length; and although a succession of 
Minims and Crotchets, or Crotchets and Quavers, may be 
suitable enough in music that has nothing but the Tones and 
Semi-Tones of equal temperament, some refinement is 
required here in music that involves the Diesis, Apotome, &c. 

In all probability the duration of the notes was governed 
by some such rules as those that governed the pitch, for 
‘Hexameters were curiously like Octaves!. Roughly speak- 
ing, there were six Tones in an Octave, just as there were six 
Feet in a Hexameter; a Tone contained a pair of Semi- 
Tones, or one Semi-Tone and a pair of Quarter-Tones, just 
as a Foot was either a Spondee of two long syllables or 
a Dactyl of one long and two short; and the Fourth and 
Fifth divided the Octave into two Tones and a half and three 
and a half, just as the Czsura divided the Hexameter into 
two Feet and a half and three and a half. But, strictly 


1 The comparison is suggested by Aristeides, de musica, i. 14, 23. 
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speaking, the Octave was divided into two Tones and 
a Leimma and three and a Leimma in place of two and 
a half and three and a half, since the whole was rather less 
than six entire Tones; and in every Tone the first of the 
so-called Semi-Tones and Quarter-Tones was rather larger 
than the second. Hence a Spondee would have made the 
first note rather longer than the second, while a Dactyl would 
have made the first note rather longer than the second and 
third together, and also made the second rather longer than 
the third. The long note before the Caesura and the long 
note at the end would each have been abbreviated to repre- 
sent a Leimma, and likewise the pairs of short notes that 
occasionally were used in place of them. But obviously the 
analogy is somewhat strained. 

No doubt the duration of the notes was modified to some 
extent by their position in the verse ; and the signs for the 
Czesura and the Foot should perhaps be added to the ordinary 
signs for long and short, as follows :— 


= v υ 


4 4. 4 4] ἃ] δι hale aalae a 


| 
o fe a\ale alae 2)? ὁ 6.0 
RRA|AAAA AA ἅ|2} 2] Ee 
But possibly it would be better to give the words themselves, 
for this formidable array of signs only touches the duration of 
the notes so far as that was settled by the rhythm of the 
verse. 

A system of dots and dashes is employed in two of the 
surviving bits of ancient music to determine the duration of 
the notes or their intensity. There is a fragment of papyrus 
at Vienna! with a few notes of the music for the Ovestes οἵ, 
Euripides. The verses are— 


κατολοφύρομαι, κατολοφύρομαι, 
ματέρος αἷμα σᾶς, 6 σ᾽ ἀναβακχεύει ; 


* Mittheilungen aus der Sammlung der Papyrus Erzherzog Rainer, vol. ν. p. 66. 
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6 μέγας ὄλβος οὐ μόνιμος ἐμ βροτοῖς" 
ἀνὰ δὲ λαῖφος ὥς 

τις ἀκάτου θοᾶς τινάξας δαίμων 

κατέκλυσεν δεινῶν πόνων ὡς πόντου x... 


In the papyrus the verses are divided by a species of 
κορωνίς in the shape of Z; and there is always a dot above 
this Z and a dot behind the note that follows. Thus there 
is a Z to divide κατολοφύρομαι from ματέρος, and a P- to give 

_ the note for pa: so also a Z to divide ἀναβακχεύει from ὃ μέγας, 
and an I to give the note for 6; and again a Z to divide 
βροτοῖς from ἀνά, and an I+ to give the note for 4. But 
evidently the scribe was puzzled by the half-verse ἀνὰ δὲ 
λαῖφος ὥς and completed it with ris ἀκάτου θοᾶς, putting a Z 
above the line to divide θοᾶς from τινάξας and a ©- to give 
the note for τι, as though this were the beginning of another 
verse. And having thus lost the guidance of the metre, he 
makes a long scrawl after κατέκλυσεν, and tries to start another 
verse at ὡς πόντου by adding Z and 1" above the line, 


Apparently there was a dot and dash = to mark the first 
note of the fourth Foot in every verse. This is distinctly 


1 Verses 338-343. 
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visible above the note for ἐμ in ἐμ βροτοῖς at the end of the 
third verse, above the note for του in d«drov θοᾶς, which is 
treated here as the end of the fourth verse, and above the 
note for σεν in κατέκλυσεν, as though the scribe were trying to 
make the fifth verse end with κατέκλυσεν πόνων in order to 
begin the sixth with ὡς πόντου. There is also a trace of it 
above the note for ¢up in κατολοφύρομαι at the end of the first 
verse; but nothing can be seen above the note for βακιΐῃ 
ἀναβακχεύει at the end of the second?. In this verse, however, 
the penultimate is long, whereas the other verses make it 
short ; and possibly the sign was not required here. 

The fragment is not large enough to give the first note of 
the second or third Foot in any of the verses, except the note 
for καὶ in κατέκλυσεν, which must be treated here as the 
beginning of the third Foot in the fifth verse. But there is 
not any sign above this note. 

The system is varied in a song inscribed on stone in honour 
of a man named Seikilos?. His monument was found at 
Tralles, and is now at Smyrna. 

-- «ἢ a eR ee - ῳἦ] 
ae ὁ 6fed t,4 edt, ὃ abhg a 
ὅσον Gs, φαίνου μηδὲν ὅλως σὺ λυποῦ πρὸς 
a ae _ af . pole -- =f 
Gedctcdia ly ἃ κοκὖ dew aaafe 
ὀλίγον ἐστὶ τὸ ζῆν" τὸ τέλος ὃ χρόνος ἀπαιτεῖ. 


Excepting the first three words, this can be arranged in 
verses of one type, as follows :— 


μηδὲν ὅλως σὺ λυποῦ" -ι wo ue - 
πρὸς ὀλίγον ἐστ 73 Gv ee Ue - 
τὸ τέλος 6 Χρόνος ἀπαιτε. UYU vwuu iN a 


The sign ~/ is used here, like the sign Z in the papyrus, 
as & species of κορωνίς for marking off the verses; and there is 
always a dash—above the last note of the third Foot, just as 


2 The author has examiued the papyrus. 
® Bulletin de Correspondance Hellénique, vol. xviii. plate 13. 
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the papyrus has a dot and dash ~ above the first note of the 
fourth Foot. Thus the words ὅσον Gs must form a verse 
apart, as they answer to the endings of these other verses, σὺ 
λυποῦ, τι τὸ ζῆν, ἀπαιτεῖ. And then the word ¢alvov will also 
form a verse apart. There is a dot underneath the κορωνίς at 
the end of this little verse +/, and adash — above the first 
note in the verse that follows, although no dash or dot is 
given to the first note in the other verses. And some dots 
may be observed above the three notes of the second Foot in 
the longer verses at the end, whereas the papyrus has only 
a dot behind the first note of each verse. 

There is altogether such a difference between the system in 
the papyrus and the system on this stone, that no valid rules 
can be established for the distribution of the dots and dashes. 
But obviously the system is only meant to show the rhythm 
of the verses, for the position of all these signs is determined 
by the metre. In reality no signs were needed for this 
purpose ; and none were used in the remaining bits of ancient 
music. Of course, such signs might possibly have been omitted 
in the copying of pieces that are only known through manu- 
scripts ; but the Hymns discovered at Delphi are originals on 
stone, and they have not these dots and dashes. 

While the metre may have varied the duration of the notes 
that normally were classed as long or short, it must certainly 
have varied their intensity; for no rhythm can have its full 
effect unless some stress is laid upon the syllables that come 
at certain stages of the verse. So this lengthening or shortening 
of the notes would be attended by an increase or a decrease in 
their strength. Apart from this, the entire melody might 
grow louder or softer in successive parts of an elaborate piece, 
and the time might likewise grow faster or slower ; but there 
is nothing to indicate such changes. 

Thus it is impossible to fix the absolute. pitch, duration or 
intensity of any of the ancient notes. The evidence only goes 
to prove that certain notes were higher or lower, longer or 
shorter, louder or softer than certain other notes. And in 
dealing with their relative pitch, duration and intensity, the 
pitch alone can be determined with precision. 
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There is consequently a serious fault in much that has been 
written of late about the music of the ancients. Transcripts 
have been made upon a plan that necessarily gives the 
wrong pitch to twenty notes out of every twenty-one and 
does not necessarily give the right pitch to the twenty-first, 
while it probably is just as much at fault in the duration of 
the notes and their intensity. Arguments have been founded 
on these transcripts, as though all originals had now been 
superseded; and the conclusions are astonishing. In fact, 
some ancient music has actually been compared to works of 
Beethoven and Wagner, from which it differs fundamentally. 
But this was perhaps to be expected when so many scholars: 
and musicians have plunged into a higher criticism of ancient 
music without taking the trouble to make themselves acquainted 
with the notes. 
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